A B S T R A C T In 17 dogs with acute myocardial infarcts produced by ligation of the proximal left anterior descending coronary artery, a comparative study was made of myocardial scintigrams obtained with technetium-99m stannous pyrophosphate ("mTc-PYP) and thallium-201 ('Tl), tissue levels of 'Tc-PYP and 'Tl uptake, histopathologic alterations, and regional myocardial perfusion measured with radioactive microspheres. 9 of the 10 hearts examined histologically had transmural infarcts with outer peripheral, inner peripheral, and central zones characterized by distinctive histopathologic features. A progressive reduction in myocardial blood flow was demonstrated between normal myocardium and the centers of the infarcts, and correlated well with progressive reduction in 'Tl uptake in the same regions. Marked mTc-PYP concentration occurred in areas with partial to homogeneous myocardial necrosis and residual perfusion located in the outer peripheral regions of the infarcts. The latter areas also were characterized by the presence of muscle cell calcification. The patterns of distribution of "'Tc-PYP and m'°Tl explained the filling defects on 'Tl myocardial scintigrams and the doughnut patterns on 99mTc-PYP myocardial scintigrams in dogs with transmural infarcts. One dog with a subendocardial infarct had a small homogeneous area of activity on the "Tc-PYP myocardial scintigram, and showed marked uptake of 'mTc-PYP in subendocardial areas of extensive necrosis and calcification still receiving some coronary perfusion.
INTRODUCTION
Considerable interest has been generated in the use of myocardial scintigraphic techniques for the evaluation of patients with ischemic heart disease. Clinical and experimental studies have shown that areas of acute myocardial infarction can be identified by two basic types of scintigraphic techniques: (a) those which identify the infarcts as filling defects ("cold spots") on myocardial scintigrams (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) , and (b) those which identify the infarcts as areas of increased radionuclide uptake ("hot spots") on myocardial scintigrams (11) (12) (13) (14) (15) (16) (17) (18) . Cold spot scintigraphy of acute myocardial infarcts has been performed with radionuclides of potassium and its analogues, including rubidium, cesium, and thallium (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) . Hot spot scintigraphy has been performed with gallium-67 citrate (11) as well as technetium-99m tetracycline (12, 13) , technetium-99m glucoheptonate (14) (15) (16) , and various phosphate compounds labeled with technetium-99m (16) (17) (18) , including technetium-99m stannous pyrophosphate (`mTc-PYP).1 Furthermore, an extensive clinical experience has now been compiled with WmTc-PYP (10, (18) (19) (20) 
METHODS
A total of 17 mongrel dogs were anesthetized with intravenous pentobarbital sodium (30 mg/kg) and underwent thoracotomy followed by ligation of the proximal left anterior descending coronary artery (LAD). In some cases, two or three prominent epicardial collateral arteries also were ligated. After closure of the thoracotomies, the dogs were allowed to awaken and were kept alive for 18-24 h (4 dogs) or 36-48 h (13 dogs). The dogs then were lightly anesthetized with pentobarbital sodium (20 mg/kg) before performance of the following studies.
Each of the 17 dogs was prepared according to one of the following protocols: (a) 9 dogs received intravenous injection of 'Tc-PYP (Mallinckrodt Inc., St. Louis, Mo.) as well as 'Tl (New England Nuclear, Boston, Mass.); (b) 5 dogs received "'Tc-PYP administered intravenously and approximately 1-3 million 15-,tm microspheres labeled with`5I, administered through left atrial catheters (21, 22) ; (c) 2 dogs were given intravenous injections of 21T1 only; and (d) 1 dog received an intravenous injection of '9'Tc-PYP only. 1-2 h after injection of 2.84.0 mCi of 'Tc-PYP and 20-30 min after injection of 1.5-2.1 mCi of 1T1, myocardial scintigrams were obtained in the anterior, left anterior oblique, and left lateral projections. The ITl and 'Tc-PYP scintigrams were obtained in rapid succession from the dogs which received both radiopharmaceuticals. The scintigraphic studies were performed with a Searle Pho Gamma III HP camera with a 16,000 hole, "high resolution" collimator (Searle Radiographics Inc., Des Plaines, Ill.). The "Tl myocardial scintigrams were obtained with the camera set at 80 keV with a 10% window. The camera was set at 140 keV with a 20% window for the ""'Tc-PYP scintigrams.
After completion of the scintigraphic studies, the dogs were sacrificed by intravenous injections of large doses of pentobarbital. Intervals between injection and sacrifice were 11-31 h for 'Tc-PYP, 1-21 h for 'Tl and 10-40 min for microspheres. Postmortem scintigraphic studies were performed on the whole hearts of four dogs which had received injections of both 'Tl and "'Tc-PYP. Each of the four hearts were positioned sequentially, in the anteroposterior, left anterior oblique, and left lateral positions, and 'Tc-PYP and 'Tl myocardial scintigrams were obtained while the hearts were kept in each position. Postmortem scintigraphy also was performed with specimens obtained from three additional dogs, of which two had received only m1Tl and one only "'Tc-PYP. These three hearts were divided into multiple transverse slices, and scintigrams were obtained from the individual slices.
In 10 hearts, comparative studies were made of tissue levels of radioactivity and histologic alterations. 5 of the 10 hearts were obtained from dogs given injections of 'Tc-PYP and mTl, and 5 hearts were from dogs given 9'Tc-PYP and microspheres. The hearts were divided into multiple transverse slices. 9 of the 10 hearts were found to have large, transmural, anterior myocardial infarcts (Fig. 1) , and 1 heart showed a relatively small, subendocardial anterior infarct. 7-13, full-thickness, transmural blocks were cut from the various transverse slices of each heart (Fig. 1 The tissue samples were assayed for radioactivity in a Searle well-type scintillation counter (Searle Analytic Inc., Des Plaines, Ill.) or in a Scientific Products Gamma scintillation counter (Scientific Products Inc., State College, Pa.). Counts were obtained from regions of interest centered around the peak energy levels of 9'-Tc gamma ray (140 keV), the "'Tl X ray (80 keV), and the 'I X ray (35 keV) . Background counts at each of these settings also were obtained and subtracted from total counts. 1-min counting intervals were employed for 9'Tc and '"Tl, and 3-min intervals were used for 'JI.
In samples containing "mTc-PYP and 'I-microspheres, 99MTc radioactivity was analyzed within 6-12 h after injection of radionuclides, and 'I activity was determined 3-5 days later. In the samples containing 9mTc-PYP and -Tl, tissue levels of radioactivity were recorded from the 140-keV and 80-keV regions within 6-12 h after injection of the radionuclides, and then corrected for the relative amounts of "mTc-PYP and ITI radioactivity. The raw 'Tl counts were corrected for down-scattered 9'Tc counts according to the following formula utilizing a 'mTc standard, analyzed at both the 80-keV and 140-keV regions of interest: '1Tl counts = Total sample counts at 80 keV -(mTc-PYP sample counts at 140 keV X [9mTc standard at 80 keV/ 99mTc standard at 140 keV]). The "mTc counts at 80 keV amounted to only 1%o of the 9'-Tc activity at 140 keV, and accounted for less than 10%o cf total counts in the '"Tl region of interest. w'Tl counts also were obtained 3-5 days after the dogs were sacrificed. At this time, tissue samples were free of significant 9'mTc radioactivity (9mTc has a half-life of 6.0 h). Comparison of the corrected "Tl counts obtained on the day of sacrifice and the 2'Tl counts obtained 3-5 days later revealed no significant differences in the relative levels of "1Tl per unit weight in the various samples.
The raw 'mTc-PYP counts were corrected for radioactivity from mTl gamma rays (135 and 167 keV) (7). These photons have been reported to have an abundance of 12%o for each 9'Tl disintegration (7) . Tests with standards in our system also confirmed this 12%o figure. Therefore, the raw 99mTc-PYP counts from the tissue samples were corrected according to the following formula: 9"'Tc-PYP counts = Total sample counts at 140 keV -(corrected "'Tl counts X 0.12).
For each sample, data were expressed as 99mTc counts/g per min, 'Tl counts/g per min, and(or) ' Table I ). The lesion is not well visualized on the anterior projection due to superimposition of activity from normal posterior myocardium. The same infarct is visualized as an area of intense radioactivity (arrowheads) in all three projections of the 99mTc-PYP scintigram (row D). A doughnut pattern due to a central area of decreased activity is seen on the anterior projection of the "9mTc-PYP scintigram. In addition to myocardial activity, the 'Tl scintigrams show activity in the liver (L), and the "mITc-PYP scintigrams show activity in skeletal structures, including sternum, spine, and ribs.
Pathophysiology of Radionuclide Imaging of Myocardial Infarcts stances. Central areas of decreased activity represent the ventricular cavities. All ATl and wmTc-PYP myocardial scintigrams were abnormal in the dogs subjected to proximal LAD occlusion (Fig. 2) . Scintigraphy of the dogs given both "MTc-PYP and 'Tl resulted in only slight deterioration in image quality. The 'Tl myocardial scintigrams exhibited filling defects corresponding to the sites of anterior myocardial infarcts. Comparison with normal 'Tl myocardial scintigrams showed that the filling defects were clearly identifiable only in the left anterior oblique and lateral projections, and were not well-visualized in the anterior projections, presumably as a result of superimposition of activity from normal posterior myocardium. Positive 'Tc-PYP myocardial scintigrams in most dogs showed a characteristic "doughnut" pattern in the anterior projection, with radioactivity concentrated peripherally around a central area of relatively decreased radioactivity (Fig. 2) . In contrast, the myocardial scintigram in the one dog with a subendocardial infarct showed a homogeneous area of 'Tc-PYP activity (Fig. 3) .
Postmortem scintigraphy of four whole hearts from dogs given both 'Tc-PYP and ATl revealed the same patterns observed in vivo. In these scintigrams, however, partial overlap in the distribution of 'Tc-PYP and ATl activities was clearly demonstrable, even in the lateral projection, where overlapping of normal and infarcted myocardium was minimized (Fig. 4) . For the four hearts, the areas of overlapping ATl and 'Tc-PYP activity were 44.7, 44.8, 48.7, and 38% of the total areas of wmTc-PYP activity on the lateral projections, respectively. Scintigraphy of transverse ventricular slices from one dog given only 'Tc-PYP showed that significant NmTc-PYP activity was confined to the grossly identified region of infarcted myocardium and that the activity was most intense at the peripheries of the lesion (Fig. 5) . Scintigraphy of ventricular slices from two dogs given only ANTl revealed low, but significant, levels of activity within the regions of transmural infarction (Fig. 5 ).
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99mTC-PyP FIGURE 4 "mTc-PYP and A'T1 scintigrams obtained in the lateral projection from a heart with a 2-day-old, large, anterior myocardial infarct after removal of the heart at necropsy. A large area with overlapping "mTc-PYP and NTl activities is visualized by the scintigrams and illustrated in the diagram on the right.
Morphologic findings. Analysis of the multiple sections allowed formulation of a topographical map of the histopathologic alterations in the hearts with proximal LAD occlusions and apicoanterior myocardial infarcts (Fig. 6) . 9 of the 10 hearts showed large transmural infarcts which had histopathologically distinct central, inner peripheral, and outer peripheral zones (Figs. 6-8) . The central zones of the infarcts were surrounded subepicardially, subendocardially, laterally, superiorly, and inferiorly (adjacent to the cardiac apex) by the peripheral zones. 1 of the 10 hearts had a subendocardial infarct, with confluent necrosis confined to the inner half to two-thirds of the left ventricular wall and only patchy necrosis in the outer portion of the wall. This infarct lacked a central zone.
The central zones of the infarcts (Figs. 6-8) were characterized by a virtual absence of neutrophils and by the presence of a homogeneous population of necrotic muscle cells which exhibited: (a) nuclear pyknosis, palor, or lysis; (b) palely stained cytoplasm with indistinct or markedly relaxed myofibrils; (c) glycogen depletion (PAS stain); (d) faint, diffuse, diastase-resistant PAS staining; and (e) virtual absence of calcification (von Kossa stain). Variable amounts of calcium deposits, however, were present in the walls of small blood vessels, capillaries, and interstitial regions in the centers of the infarcts (Figs. 7, 8) .
The peripheral zones of the transmural infarcts were extensively infiltrated with neutrophils, showed prominent vascular congestion, and contained a pleomorphic population of necrotic muscle cells (Figs. 6-9 ). The necrotic muscle cells exhibited certain common features, including: (a) nuclear pyknosis, palor, or lysis; (b) pale cytoplasmic staining; (c) glycogen depletion (PAS stain); and (d) moderate, diffuse, diastase-resistant PAS staining. Many of the muscle cells showed marked disruption of myofibrils associated with the presence of numerous, dense, contraction bands, whereas other muscle cells had relaxed or indistinct myofibrils. In sections stained by the von Kossa method, certain necrotic muscle cells were shown to contain variable numbers of discrete calcium deposits (Figs. 6-9) .
The peripheral zones of the infarcts could be subdivided into inner and outer peripheral zones on the basis of the relative content of calcified muscle cells and neutrophils (Figs. 6-9 ). The inner peripheral zones contained relatively few calcified muscle cells, but did exhibit larger amounts of neutrophils than the outer peripheral zones, due to accumulation of the neutrophils at the borders between the inner peripheral and central zones. The outer peripheral zones were characterized by the presence of relatively large numbers of calcified muscle cells. Although muscle cell Fig. 1 . Visible 9mTc-PYP activity is confined to the infarcted region, is most intense at the peripheries of the lesion, and shows a central region of relatively decreased activity. On the a'lTl scintigram, intense activity is seen in normal myocardium, and definitely decreased but significant activity is visible in the infarcted region.
calcification was most abundant in the outer peripheral region of each infarct, the extent of muscle cell calcification in different infarets was variable and ranged from moderate to massive (Fig. 8) .
At the lateral edges of the infarcts, myocardial necrosis was patchy, and mixtures of necrotic and nonnecrotic myocardiurn were present (Figs. 6, 9 ). The necrotic myocardium had features of the outer peripheral zone as described above. Non showed changes indicative of significant damage, including variable degrees of nuclear pyknosis, cytoplasmic eosinophilia, decrease in glycogen content (PAS stain), and fine vacuolization suggestive of lipid accumulation. These muscle cells were devoid of calcium deposits (Fig. 9 ).
Tissue levels of ""'Tc-PYP,`1T1, and l`I-microspheres. The data regarding tissue levels of radioactivity are shown in Table I , and a statistical analysis of the data presented in Table II . The data were derived by correlating tissue levels of "mTc-PYP, 2'Tl and (or) "I radioactivity in a given sample with the extent and histopathologic features of necrosis in the corresponding quadrant of the histologic sections. Study of sections obtained from both surfaces (apical and basal) of the tissue blocks proved important in grading the extent and nature of histopathologic changes, since the infarcts tended to extend further laterally and septally in the apical than in the basal portions of each ventricular slice (Fig. 1) , and since the infarcts generally extended further laterally and septally in the subendocardial than in the subepicardial regions of each ventricular slice (Fig. 6) (4, 7, 24, 24a) regarding the interrelationships of regional flow alterations and uptake of various radiopharmaceuticals by relating these phenomena to the extent and nature of the associated myocardial damage.
The occurrence of significant levels of perfusion in the outer peripheral zones of the transmural infarcts is explicable on the basis of collateral blood flow to these regions (25) (26) (27) fusion occurs throughout or at some time during the evolution of injury (28) (29) (30) (31) (32) (33) (34) . Ultrastructural studies from our own and other laboratories have shown that calcium deposits in the irreversibly injured muscle cells are localized to the mitochondria and occur in the form of apatite-like spicules or deposits of subcrystalline, finely granular material (35) (36) (37) (38) . In contrast to the predominant pattern of muscle cell necrosis in the outer peripheral regions of the infarcts, central regions of the infarcts with severely reduced blood flow contained necrotic muscle cells without contraction bands or calcium deposits. This pattern of myocardial necrosis previously has been shown to be typical of areas rendered maximally ischemic by permanent coronary occlusion (32) (33) (34) (38) (39) (40) . Such regions have also been shown to develop a severe impairment to myocardial perfusion within 90-120 min after onset of coronary occlusion (22, 28) . The inner peripheral zones of the infarcts appeared to represent transition regions between the outer peripheral and central zones, since these inner peripheral zones were characterized by considerably reduced blood flow, by necrotic muscle cells with contraction bands but usually minimal calcium deposits, and by a concentration of neutrophils along the borders with the central zones. Patterns of myocardial necrosis similar to those described in the present study also have been shown to be typical of acute myocardial infarcts in humans, although detailed analysis of calcification in human infarcts has not been reported (41) (42) (43) .
Our findings with 251Tl confirm the work of Strauss et al. which showed that the degree of myocardial uptake of '5Tl correlates with the level of myocardial perfusion under conditions of normal or decreased coronary blood flow (7) . In the present study, myocardial infarcts were readily detected as filling defects on 251Tl myocardial scintigrams. Nevertheless, postmortem scintig- raphy of whole hearts revealed considerable overlapping of '1Tl activity with areas of intense w"Tc-PYP uptake which were limited to areas of myocardial infarction as discussed below. Visualization of 'Tl activity in the infarct regions may have resulted from a combination of: (a) superimposition of normal and infarcted areas in the two-dimensional scintigraphic image, and (b)
visualization of the significant levels of 2'1Tl within the infarcts demonstrated by scintigraphy of ventricular slices ( Fig. 5 ) and by well counting (Table I ). The demonstration of significant 2"Tl activity in outer peripheral regions of the infarcts is of interest since myocardial uptake of 2'Tl and related radionuclides has been considered to be mediated by active membrane transport by muscle cells (44, 45) . Although some foci of damaged, but not demonstrably necrotic, myocardium usually were present in the outer peripheries of the infarct, even in areas of nearly homogeneous necrosis (Fig. 7) , the amount of "1Tl uptake appeared to be in excess of the amount of non-necrotic myocardium in a given sample. Furthermore, one must question whether or not such damaged muscle cells can actively take up 'T1. It seems probable, therefore, that 'Tl uptake in the peripheries of the infarcts, especially in regions of extensive to homogeneous necrosis, results primarily from transport across endothelium, followed by tissue sequestration in the absence of active membrane transport by muscle cells. Thus, it would appear that accurate sizing of acute myocardial infarcts from 'Tl myocardial scintigrams may prove difficult because of several factors including: (a) the fact that 'Tl scintigrams show abnormalities as negative defects, (b) geometric factors resulting in superimposition of normal and infarcted regions, (c) the lack of sharp demarcation in 'T1 uptake between infarcted and normal myocardium, and (d) the lack of specificity of 'Tl scintigraphy for the detection of areas of acute myocardial infarction alone. A corollary of the flow-related nature of myocardial scintigraphy with 'TI and related radionuclides is that filling defects on myocardial scintigrams can result from any pathologic alteration or combination of alterations associated with significantly reduced regional myocardial perfusion, including ischemia and myocardial fibrosis in addition to acute myocardial infarction (1-10).
Our findings with respect to 'mTc-PYP indicate that the scintigraphic detection of acute myocardial infarcts with this agent results from marked uptake of the radiopharmaceutical in areas with myocardial necrosis and residual perfusion. The marked concentrations of "mTc-PYP demonstrated in the outer peripheral regions of transmural myocardial infarcts explains the doughnut patterns observed on "Tc-PYP myocardial scintigrams in dogs with LAD occlusion, and probably, in some patients with large anterior infarcts (18, 20) . Similarly, concentration of w"Tc-PYP throughout the regions of extensive necrosis in the one dog with a subendocardial infarct correlates with the homogeneous pattern of wmTc-PYP uptake observed in patients with subendocardial infarcts (19, 20) .
Although maximal concentration of 'Tc-PYP occurred in areas of extensive to homogeneous necrosis in the outer peripheral regions of canine myocardial infarcts, considerable uptake of the agent also occurred in areas composed of mixtures of necrotic and ischemic myocardium in the outer peripheries of the different infarcts. The latter finding raised the possibility that significant uptake of 'Tc-PYP occurred in damaged as well as necrotic myocardium. Zweiman et al. also have reported that a closely related phosphorous-containing compound, technetium-99m diphosphonate, shows modestly increased uptake (1-11 times normal) in ischemic myocardium with mildly reduced flow as well as intense uptake (25-52 times normal) in infarcted myocardium with more severe blood flow reduction (24) . In the present study, however, some foci of myocardial necrosis were identified in all regions with increased N"Tc-PYP uptake. It is also important to note that regions of partial necrosis with significant "Tc-PYP uptake involved only small areas at the edges of the infarcts and were typically located in subepicardial regions adjacent to subendocardial areas of extensive to homogeneous necrosis (Figs. 5, 6 ). Furthermore, the lack of correlation between extent of necrosis and mTc-PYP uptake also could be explained by relatively greater 'mTc-PYP uptake by smaller amounts of necrotic myocardium as a consequence of more abundant blood flow to these areas than to areas of homogeneous necrosis with lower levels of perfusion.
Thus, the thesis that positive mTc-PYP myocardial scintigrams in subjects with acute myocardial infarcts result primarily from visualization of high levels of 9mTc-PYP in necrotic myocardium is supported by the findings in this study as well as by: (a) the close correlation between estimates of infarct size obtained from measurements of infarct area on mTc-PYP myocardial scintigrams and morphologically determined infarct size in dogs with proximal LAD occlusion (46, 47) ; (b) the findings of Martonffy et al. (48) indicating that significant 'mTc-PYP concentration occurs only after intervals of ischemia which produce myocardial necrosis in the canine left circumflex coronary occlusion model (28, 38) ; and (c) the characteristic time course of positive "mTc-PYP myocardial scintigraphy, with positive myocardial scintigrams being observed between 12-16 h and 7-14 days after experimental LAD occlusion or clinical onset of infarction (16) (17) (18) (19) (20) 35) .
The present study also confirms and extends our previous work indicating a temporal and topographical relationship between calcium accumulation and concentration of "mTc-PYP in acute myocardial infarcts (35) . Our findings indicate that 'mTc-PYP concentration is related to the presence of mitochondrial calcification in irreversibly injured muscle cells (35) , but not necessarily to the total calcium content in a given region of infarcted myocardium, since "mTc-PYP concentration and mitochondrial calcification occur only in peripheral regions of large canine infarcts and not in central regions which may contain variable amounts of calcium deposits in walls of small blood vessels and tissue spaces. The present study also demonstrates that "mTc-PYP concentration in acute infarcts is more directly related to calcium accumulation in necrotic muscle cells rather than to neutrophilic infiltration, since inner peripheral zones of the infarcts exhibited much higher ratios of neutrophils to calcified muscle cells but much lower levels of "mTc-PYP as compared to the outer peripheral zones.
Nevertheless, establishment of a definitive relationship between the extent of muscle cell calcification and the degree of wmTc-PYP uptake was complicated by variations in abnormal-to-normal ratios of "mTc-PYP and in extent of muscle cell calcification in different hearts. Furthermore, extent of calcium accumulation in the infarcts was evaluated only by the von Kossa stain, a histochemical technique which is limited to detection of relatively large calcium-containing precipitates which remain in tissues after fixation and histologic processing (23) . It also should be pointed out that the present study does not clarify the possible role of myocardial calcification in the development of positive 99mTc-PYP myocardial scintigrams in some patients with unstable angina pectoris (20) and in some patients with ventricular aneurysms (49) . Thus, the available data indicate that uptake of "mTc-PYP into calcium depositis can play an important role in the concentration of the radionuclide in damaged myocardium, but do not exclude the possibility that another mechanism(s) also may be involved in this phenomenon. It is possible, for example, that concentration of 'mTc-PYP may be mediated by influx of the agent along with calcium ions, followed by formation of an intracellular calcium pyrophosphate complex, incorporation of the radiopharmaceutical into foci of calcification, and (or) binding of the agent by altered intracellular macromolecules (50, 51) .
Comparison of the present experimental findings obtained in dogs with the results of combined 'Tl and "mTc-PYP scintigraphy of patients with clinically documented acute myocardial infarction has revealed generally similar scintigraphic findings in the experimental animals and patients (10) . Nevertheless, several patients with acute myocardial infarcts have shown filling defects on 'T1 myocardial scintigrams which were larger than the areas of 'mTc-PYP activity, suggesting the presence of significant areas of fibrosis or ischemia as well as acute infarction in these patients (10) . Thus, the findings in our experimental and clinical studies support the conclusions that: (a) 'mTc-PYP myocardial scintigrams visualize acute myocardial infarcts more specifically than '°Tl myocardial scintigrams; (b) 'Tl myocardial scintigrams detect a spectrum of lesions, including old myocardial infarcts and areas of ischemia in addition to acute myocardial infarcts; and (c) the combined use of both the 'mTc-PYP and 'Tl scintigraphic techniques provides a more complete scintigraphic evaluation of patients with ischemic heart disease.
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